Résumé. 2014 Abstract. 2014 Using incoherent neutron scattering, we show that the methyl groups in solid PAA undergo random rotational motion around their three-fold axis, and that rotations about other molecular axes on the same time scale can be excluded. A model for uniaxial rotational jumps between three equidistant sites on a circle of radius a = 1.032 Å is fitted to the quasielastic spectra. The mean jump time 03C4 between two consecutive jumps is determined and found to vary from 2.93 x 10-11 to 0.95 x 10-11 s between 17 and 117 °C, yielding an activation energy of Ea = 2.54 ± 0.13 kcal/mole. The intense peak observed in the inelastic region at 31 meV energy transfer is assigned to the 03BD = 1 ~ 03BD = 0 torsional frequency of the methyl group in a three-fold potential. For a cosine potential one obtains a barrier V3 = 4.21 ± 0.37 kcal/mole. Attempts to relate Ea and V3 values lead to the conclusion that the potential shape differs appreciably from the cosine form. Our results are then compared with other experimental data. In particular, it seems that the barrier to rotation of the methyl groups arises mainly from intramolecular interactions. 
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In the present paper we report on A) The methoxy group is rotating about the ç-0 bond, the methyl group is not rotating about its C3 axis.
B) The methoxy group is not rotating, but the methyl group is rotating about its C3 axis.
C) The methoxy group is rotating abôut the ç-0 bond and simultaneously the methyl group is rotating about its C3 axis.
Whereas other authors [9] recently proposed a rotation of the 0-CH3 group (model A or C) with a correlation time of 4 x 10-12 s at 60°C, we will show in the following that on the time scale of the applied neutron technique (-10-10 to 10-13 s), only a model of type B can explain our data.
Since in our experiments on PAA-0D4, the purely elastic peak is well resolved from the quasielastic line, it is convenient to analyze the data in terms of the incoherent elastic structure factor (IESF), Ao(Q), as was done in previous work [5] [6] [7] . Let Ie(Q) and Iq(Q) be the elastic and quasielastic intensities, respectively (these two contributions are separated by natural extrapolation and measured by graphical integration), and let R(Q) be the quantity If the scattered intensity comes only from the rotating protons, then R(Q) is an experimental determination of Ao(Q ).
The scattering law for a uniaxial rotational model of a proton performing instantaneous jumps between N equidistant sites on a circle of radius a is given in reference [5] . In [10] with respect to the ç-0 bond (which is very near the molecular axis). The formulae for this case may be taken from reference [11] . We have plotted Ao(Q) for models B and C in figure 2 together with the experimental values of R(Q ). It We have compared this expression to the experimental data, using the fitting procedure described in reference [6] . First In this calculation, the essential information is contained in the quasielastic line. The elastic peak was therefore excluded from the fitting procedure, thus eliminating its contribution to the statistical uncertainty introduced into the result due to the much higher elastic intensity. Examples of spectra obtained at four temperatures are shown in figure 4 . Figure 5 shows that, in the temperature range of the present experiment, the obtained t values follow an Arrhenius law with and These results will be discussed in section 6. [12, 13] . In the present calculation, we follow a well known procedure [12] , making the following usual assumptions. a) The pronounced inelastic peak observed in PAA-0D4 near energy transfers of 31 meV (the peak position is independent of temperature within the experimental error) is b) The partial Debye-Waller factor due to the librational motion alone in principle contains information on the hindering potential ; however, it cannot be separated from the total effect of all short time motions. In addition, the value of the Debye-Waller factor is uncertain due to the effect of multiple scattering (see [18] Let us now analyze the data using the above assumptions. The peak position in the inelastic region is rather well defined, as can be seen from figure 6 .
From the various spectra we estimated (250 ± 12 cm -1) [16] . Then using relations (7) and the tables [15] , we obtain the barrier height (tunnelling splitting) is of the order of 10-6 cm-1 and can therefore not be observed in our experiment). 6 . Discussion. -The activation energy Ea deduced from the temperature dependence, between 17 and 117°C, of the quasielastic scattering linewidth and the information on the potential barrier obtained independently from the position of a peak in the inelastic spectra, are in fact linked with one another. This fact may be used as a check on the data analysis and/or of the various assumptions made. The relation can be found from the following reasonable statement : the jump probability -r-l is proportional to the probability that the system is in an energy state E = V3. For a thermally activated process, we should have :
with The right side of eq. (6) can in principle be calculated when the potential barrier is known [17] . If the model chosen for the potential is correct, the variation of expression (6) between Tl and T2 should reproduce that of r -' deduced from the quasielastic width. In the present case, on an Arrhenius plot, this variation should be practically linear and the slope should be Ea. Using the cosine potential of eq. (5) with the plot is indeed found to be linear within 4 % but the slope, which by analogy may be considered as an activation energy, is 3.51 ± 0.37 kcal/mole, a value which is definitely greater than Ea (see Fig. 5 ). Let us examine two possible reasons for such a discrepancy.
One possible reason is experimental. The neutron spectra were corrected for sample holder scattering, absorption and self shielding, but not for multiple scattering. The latter correction might affect the widths of the quasielastic spectra in such a way that its temperature variation would change. We have therefore performed such a correction for two temperatures, 17 and 110 °C (these calculations are extremely time consuming), and applied the same fitting procedure to the spectra so corrected. As can be seen in figure 5 , only very small changes in the i values are obtained, showing that this possibility can be discarded [18] . Another possible reason is that eq. (6) may not be valid. Instead of considering only the energy E = V3 one should perhaps take into account all the levels E &#x3E;, V3. However, such a modification predicts a slope of the corresponding Arrhenius plot even greater than 3.51 kcal/mole. There are certainly other possibilities of improving eq. (6) . However, we believe that one should try to explain the discrepancy by the choice of the potential used in the analysis. We chose the cosine form since it is widely used in the literature for similar problems [12] . It satisfies the symmetry condition, has a simple mathematical form and depends only on one adjustable parameter V3, which is sufficient in many cases. In the present case, however, the experimental data provide two complementary sets of information contained in the quasielastic and inelastic regions of the neutron spectra, which in principle should permit a more precise determination of the potential shape. The result is that the true shape seems to deviate appreciably from the cosine form. The wells are probably narrower, leading to a greater value of the fundamental level Eo. An attempt to interpret the data in terms of such a potential will be presented. .
elsewhere.
Another interesting result is the value of the preexponential factor in eq. (4) . The 
